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DESIGNING AT THE FUNCTION LEVEL OF ABSTRACTION 
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Summary: In the early stages of project initiation, it is especially important to be able to 
represent at a high level of abstraction the functional requirements of a system being 
designed. This would make it possible for a design team to arrange and rearrange the 
essential functional components rapidly. It is well-known that design for manufacture 
tools are implementable and useful once the design of a component is known. But what 
if we want to address the issue of design for manufacture when only the function is 
known? At present, this remains an open question. The development of the means to 
include manufacturing considerations in design when only the functional requirements 
are known is the focus of this proposal. Two students, Pat Koch and Jesse Peplinski are 
working on this project. 
Status: 
1 Modeling Function of a Product using Living System Theory Icons: We have 
modeled the function of three systems, namely, a lawn mower, an aircraft 
evacuation system and a thermal energy system. A paper on this is expected to be 
completed by the end of the Spring Quarter. The lawn mower example was 
initially developed as part of an SBIR grant (Muster, Allen and Mistree) and 
details for the aircraft evacuation system were provided by Dr. Sudhir Hublikar of 
the BF Goodrich Company, Aircraft Evacuations Systems Division in Phoenix, 
Arizona and Dr. Jon Shupe of the BF Goodrich Company R&D Center in 
Brecksville, Ohio. We are particularly pleased with the set of examples -since 
two of them have been developed with significant industry input. 
2 Representation of Product Information in Electronic Catalogs: This issue was 
investigated during the Winter Quarter. Assuming that we have large catalogs we 
need a two step process. One that we can use to identify the most likely to 
succeed alternatives and the other to identify the configuration of the system. 
This investigation continues. 
3 Modeling Interfaces between Subsystems: We are looking into this by using the 
Transmission Entities of Miller's Living Systems Theory. We expect to define a 
generic interface in terms of matter, energy and information to link two dissimilar 
available assets. We have not cracked this problem yet. 
4 Undergraduate Students We have applied for two Research Experiences for 
Undergraduates Supplements to NSF in December 1992. 
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5 Remaining Tasks: 
o Design for assembly at the function level of assembly. 
o Partitioning a system from different perspectives. 
o Designing for continuous improvement. 
o Design of the computer system. 
o Identifying fundamentals (ala John Dixon's definition) for designing at the 
function level of abstraction. 
5 Commentary: The grant we received was about half of what we requested leaving 
money for supporting one graduate student instead of the three that we had 
requested. We are happy to report that we have two students working on this 
project; one supported by funds from this grant and one who until recently was 
supported by the George W. Woodruff School of Mechanical Engineering (he has 
just received an NSF Graduate Research Award). We still have had to alter our 
original proposal: Instead of modeling manufacturing processes using Miller's 
icons we have decided to look at the assembly of systems using available assets. 
This reduces the complexity of the problem and ties into our other grant, namely, 
the Design of Hierarchical and Non-Hierarchical Systems using Decision Support 
Problems. 
The Aircraft Evacuation System example has been used to introduce the seven 
TQM Management and Planning tools (in the context of Pahl & Beitz' approach 
to establishing function structures) to students in our first course in design in 
Spring 1993: ME3110- Creative Decisions and Design. We intend to clean this 
work up and publish it as a paper. 
Design using available assets, in our opinion, is important particularly in a period 
of reduced defense expenditures. Mistree has been invited to prepare a briefing 
on this subject for ARPA in June 1993. 
Disassembly for recycling and reuse is becoming increasingly important. Allen 
and Bras have submitted a proposal to NSF titled: Environmentally Conscious 
Design based on Living Systems Theory. 
Publications in which this grant is acknowledged 
1. F. Mistree, B.A. Bras, W.F. Smith and J.K. Allen, "Modeling Design Processes: A 
Conceptual, Decision-Based Approach" in Mechanical Design Theory and 
Methodology, (M. Waldron, Ed.), New York: Springer-Verlag, (in press). 
2. F. Mistree, J.K. Allen and F. Attia, "Designing at the Function Level of Abstraction", 
Proceedings NSF Grantees Conference on Design and Manufacturing Systems 
Research, Charlotte, NC, January 1993, pp. 621-627. 
3. F. Mistree, J.K. Allen and F. Attia, "Designing at the Function Level of Abstraction", 
Behavioral Science, Vol. 38, 124-138. This paper was invited by the Editor, J.G. 
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DESIGN AT THE FUNCTIONAL LEVEL OF ABSTRACTION 
1. Progress to Date 
Summary of Work Proposed In the early stages of project initiation, it is especially 
important to be able to represent at a high level of abstraction the functional 
requirements of a system being designed. This would make it possible for a design 
team to arrange and rearrange the essential functional components rapidly. It is well-
known that design for manufacture tools are implementable and useful once the 
design of a component is known. But what if we want to address the issue of design 
for manufacture when only the function is known? At present, this remains an open 
question. The development of the means to include manufacturing considerations in 
design when only the functional requirements are known is the focus of this proposal. 
Two graduate students, Pat Koch and Jesse Peplinski are working on this project. 
Status: 
1. Modeling Function of a Product using Living System Theory Icons: We have 
modeled the function of three systems, namely, a lawn mower, an aircraft 
evacuation system and a thermal energy system. The lawn mower example was 
initially developed as part of an SBIR grant (Muster, Allen and Mistree) and 
details for the aircraft evacuation system were provided by Dr. Sudhir Hublikar of 
the BF Goodrich Company, Aircraft Evacuations Systems Division in Phoenix, 
Arizona and Dr. Jon Shupe of the BF Goodrich Company R&D Center in 
Brecksville, Ohio. We are particularly pleased with the set of examples - since 
two of them have been developed with significant industry input. 
Design Using Available Assets: In the early stages of the product realization 
process, if the functional requirements of the system to be designed can be 
partitioned and represented, concepts can be quickly explored which represent 
specific concepts. Thus designers are able to explore different system 
configurations at a high level of abstraction. If components or component 
assemblies which perform certain functions exist, a designer can easily determine 
the feasibility of realizing at least some of the product specific functions by using 
available assets. To date, we have focused on the use of existing components to 
realize a new design, although, potentially, machines, processes, tools, facilities, 
plants, capital, employees, etc. are also available assets. As an example of our 
methods of design at the functional level of abstraction we have demonstrated the 
design of an aircraft evacuation system for the next generation of aircraft, Koch et 
al., 1993. We believe that this work provides the foundation for an unusual, but 
theoretically correct approach to continuous quality improvement, CQI. 
The benefits of designing using available assets, include the following: 
• Reduced time to market: eliminate or greatly reduce the component design 
time and manufacturing time. 
• Reduced cost: design labor and manufacturing costs are reduced. 
• Increased quality: existing products, components and component 
assemblies possess built in quality. 
We believe that in these days of military down-sizing, and emphasis on 
sustainable development, design using available assets is essential. Further 
information about design using available assets is presented in Koch, et al., 1993. 
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Design for Disassembly/Reuse: Design at the functional level of abstraction also 
is an important tool for design for disassembly/design for recycling and reuse. 
Preliminary studies indicate that, similarly to the way manufacturing 
considerations are introduced, it is also feasible to introduce constraints from 
other segments of the life cycle. We have considered also introducing 
information from the "disposal" phase of the life cycle and using this information 
to create environmentally friendly products. 
After developing satisfactory system representations for single-instants on the 
design time line, we plan to link them in series to show product evolution. Then, 
for any instant on the time line, system design or redesign is feasible. We are in 
the process of developing our thoughts in this area. 
2. Remaining Tasks: 
o Design for assembly at the function level of assembly. 
o Designing for continuous improvement 
o Design of the computer system (in progress). 
o Identifying fundamentals (ala John Dixon's definition) for designing at the 
function level of abstraction. 
3. Commentary: The grant we received was about half of what we requested leaving 
money for supporting one graduate student instead of the three that we had 
requested. We have had to alter our original proposal: Instead of modeling 
manufacturing processes using Miller's icons we have decided to look at the 
assembly of systems using available assets. This reduces the complexity of the 
problem and ties into our other grant, namely, the Design of Hierarchical and 
Non-Hierarchical Systems using Decision Support Problems, DDM 93-96503. 
Publications in Which This Grant Has Been Acknowledged 
Journal Articles 
1. P. Koch, J. Peplinski, J.K. Allen, and F. Mistree, (1993) "Designing Using 
Available Assets: Identifying a Feasible System Configuration", Behavioral 
Science, in press. 
2. F. Mistree, J.K. Allen and F. Attia, "Designing at the Function Level of 
Abstraction", Behavioral Science, Vol. 38, 124-138. This paper was invited by 
the Editor, J.G. Miller and has been edited by him. 
Chapter in Book 
3. F. Mistree, B.A. Bras, W.F. Smith and J.K. Allen, "Modeling Design Processes: 
A Conceptual, Decision-Based Approach" in Mechanical Design Theory and 
Methodology, (M. Waldron, Ed.),. New York: Springer-Verlag, (in press). 
Conferences 
4. F. Mistree and J.K. Allen, "Designing at the Function Level of Abstraction", 
Proceedings NSF Grantees Conference on Design and Manufacturing Systems 
Research, Cambridge, MA, January 1994, pp. 71-72. 
5. F. Mistree, J.K. Allen and F. Attia, "Designing at the Function Level of 
Abstraction", Proceedings NSF Grantees Conference on Design and 
Manufacturing Systems Research, Charlotte, NC, January 1993. 
6. P.N. Koch, J.K. Allen and F. Mistree, "Modeling Concurrent Design, A Decision-
Based Conceptual Exposition" (Abstract) to be presented at the 3rd Industiral 
Engineering Research Conference, Atlanta, Georgia, May 18, 1994. 
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Thesis 
7. A. Rothe, Decision Support Problems in the Pahl/Beityz Design Process, M.S. 
Thesis, G.W. Woodruff School of Mechanical Engineering, Georgia Institute of 
Technology, March 1994. 
8. P .N. Koch, Design Using Available Assets at the Functional Level of Abstraction, 
M.S. Thesis, G.W. Woodruff School of Mechanical Engineering, Georgia 
Institute of Technology, Atlanta, Georgia, expected, June 1994. 
2. We do not anticipate more than 20% of the funds we have received from this grant 
will remain un-obligated in December which will be the beginning of the award year. 
3. Proposed budget • As approved. 
4. Current Information about research suppon - See attached. 
5. Other lnfonnatlon -None. 
6. Updated lnfonnatlon about contributions of this project to the area of education and 
human-resource development. 
Undergraduate Students: We have received two Research Experiences for 
Undergraduates Supplements this grant and one award for our companion grant 
DDM-93-96503. We are proud of the accomplishments of our undergraduates. The 
NSF-REU program has allowed us to establish an active undergraduate research 
program in our laboratory. During the last year, ten undergraduates have been 
affiliated with our group in one way or another (B. Ackroyd, K. Alexander, D. Bier, 
E. Christal, R. Dailey, D. Nelson, D. Tibbets, Z. Siddique, K. Watley and T. Yu). 
Two of these will graduate in June and have been admitted to The G. W. Woodruff 
School of Mechanical Engineering at Georgia Tech for graduate studies (K. 
Alexander and Z. Siddique ), and one has taken a job in industry (E. Christal) and the 
remainder are still undergraduates. In addition, K. Alexander has been accpeted for 
the Eagle Japan program and will spend the summer studying in Japan. We have 
deliberately encouraged the formation of teams to accomplish specific projects; the 
NSF-sponsored REU students have served as the nucleus of this group and have 
provided the continuity and expertise to give opportunities to their peers. 
In addition to its research uses, the software the froms the DSPT Workbook is being 
used in ME311 0, Creative Decisions and Design, the first course in Mechanical 
Engineering Design. Both PI's teach sections of this course, about 325 students per 
year use the software developed by the NSF-REU students. We actively seek 
continuous quality improvement in our course offerings and the NSF-REU 
undergraduates have helped to make this a realty. We are laying the foundation to 
introduce the DSPT Workbook in other courses in the design sequence. 
Graduate Students: Jesse Peplinski a doctoral student originally supported on this 
grant, has received a NSF Graduate Fellowship to work on a related project. His 
work will add value to the work proposed here. Patrick Koch in both 1993 and 1994 
received Honorable Mention in the NSF Graduate Fellowship competition. He has 
received a Gwaltney Manufacturing Fellowship to pursue his doctoral studies. Arnd 
Rothe completed his Master's Degree and has returned to Germany to persue doctoral 
Studies with Professor Beitz. 
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Education: From the work on aircraft evacuation systems, we have developed both 
written and oral questions for the Georgia Tech Ph.D. qualifying examination. In 
addition, the information we obtained about aircraft systems was used for a project for 
the first graduate-level course in mechanical engineering design in 1993. Three 
graduate students from our laboratory used the evacuation system problem as a test 
case as a means to learn about the Pahl and Beitz approach to design. The Aircraft 
Evacuation System example has been used to introduce the seven TQM Management 
and Planning tools (in the context of Pahl & Beitz' approach to establishing function 
structures) to students in our first course in design in Spring 1993: ME3110 -
Creative Decisions and Design. 
PLEASE NOTE THAT THIS IS IN ADDITION TO THE BENEFITS AND 
CONTRIBUTIONS DISCUSSED AS A PART OF THE ORIGINAL 
APPLICATION. 
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NSF GRANT NUMBER DMI-9396052 
1. Summary of the work performed and future work: 
During project initiation, it is important to be able to represent at a high level of 
abstraction the functional requirements of the system being designed. We have 
developed a systems - based approach to modeling functional requirements of the system 
based on an analogy to Living Systems Theory and associated icons. Components or 
component assemblies are not evaluated independently, but instead within the context of 
the functions of the product as a whole. This fosters interaction and assimilation between 
subsystems from a manufacturing perspective. We make use of a multi-objective 
selection procedure, so that manufacturing alternatives are evaluated and selected 
concurrently based not only on manufacturing costs alone, but also life-cycle issues, time 
to market, environmental concerns and other user-defined measures. 
In the earliest stages of conceptual design, the functions a product is to perform are 
elaborated, but the physical forms of competing concepts are known in only very general 
terms. It is in these earliest stages that a system being designed can be defined and 
represented at a high level of abstraction, the function level, to foster the exploration of 
concepts for meeting the necessary functions. Our work is based on the paradigm of a 
conceptual model for decision-based concurrent engineering design for the life cycle. 
Decision-Based Design (DBD) is the starting point for the creation of design methods 
that are based on the notion that the principal role of an engineer, in the design of an 
artifact, is to make decisions. DBD can take many forms; our implementation being the 
Decision Support Problem (DSP) Technique. We focus on identifying the appropriate 
decisions for Design for Manufacture (DFM) and creating tools to support designers in 
their decision-making processes. We first develop a product model that captures and 
handles the unceqain and incomplete product information (see Mistree, et al., 1993; 
· Koch, et al., 1994). This is based on the concepts of Miller's Living Systems Theory, 
then geometric information is attached to this model. Thus we operate on a model of the 
product that exists at the function level of abstraction and use this representation to 
introduce manufacturing considerations. 
Our solution scheme takes the form of a Heuristic Selection Decision Support Problem, 
and our computer tool is called FLAME: the Function Level of Abstraction 
Manufacturability Evaluator, Peplinski, 1995. We use this tool to identify, evaluate and 
select potential manufacturing alternatives for products modeled at the function level of 
abstraction. We have illustrated some of its uses by exploring the selection of 
manufacturing processes and materials for a component from a design of an aircraft 
evacuation system, although our focus is on the method rather than on the results per se. 
Simpson, 1995, has further proposed a method for the introduction of assembly 
information in the very early stages of design. Rothe, 1994, proposed a method for 
introducing constraints from other phases of the product's life cycle, especially the 
disposal phase, to introduce disassembly/reuse criteion and thus identifying 
environmentally friendly products in the early stages of conceptual design. 
This summer we expect to start looking at creating a Living System Analyogy for 
costing. 
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REU Supplement: We have had several undergraduates supported on a Research 
Experiences for Undergraduates (REU) Supplement. This has resulted in further 
development of The DSPT Workbook which is being used by more than 100 students 
each quarter in ME 3110: Creative Decisions and Design. This Workbook includes 
decision process and planning software, a partitioner for representing the functional 
requirements of a product using LST icons as well a software for solving selection, 
coupled selection and compromise Decision Support Problems. Also included are tools 
for scheduling and planning. Thus, using results the project described above dovetails 
neatly with NSF Grant DDM 93-96053, that project is described elsewhere in these 
proceedings. 
Publications In Which This Grant Has Been Acknowledged 
Journal Articles 
1. Mistree, F., Bras, B.A., Smith, W.F. and Allen, J.K., 1995, "Modeling Design Processes: 
A Conceptual, Decision-Based Approach," International Journal of Engineering Design 
and Automation, in press. 
2. Koch, P., Peplinski, J., Allen, J. K. and Mistree, F., "Configuring Systems at the Function 
Level of Abstraction," The International Journal of Engineering Design and Automation, 
Vol. 1, No.2, pp. 73-91. 
3. P. Koch, J. Peplinski, J.K. Allen, and F. Mistree, 1994, "Designing Using Available 
Assets: Identifying a Feasible System Configuration", Behavioral Science, vol. 30, 229-
250. 
4. F. Mistree, J.K. Allen and F. Attia, 1993, "Designing at the Function Level of 
Abstraction", Behavioral Science, Vol. 38, 124-138. This paper was invited by the 
Editor, J.G. Miller and has been substantially edited by him. 
Chapter in Book 
1. Koch, P.N., Peplinski, J.D., Mistree, F. and Allen, J.K., 1996, "Configuring Systems 
Using Available Assets: A Conceptual Decision-Based Perspective" in Mechanical 
Design Theory and Methodology, (M. Waldron, Ed.), New York, Springer-Verlag, 
Chapter 7, pp. 127-160. 
Conferences 
1. Peplinski, J.D., Allen, J.K. and Mistree, F., "Integrating Product Design with 
Manufacturing Process Design Using the Robust Concept Expolration Method," AMSE 
Design Theory and Methodology COnference, Paper DETC/DTM, 1052. 
2 Koch, P.N., Barlow, A., Allen, J.K. and Mistree, F., 1996, "Configuring Turbine 
Propulsion Systems Using Robust Concept Exploration," ASME Design Automation 
Conference, Paper 1285. 
3. Peplinski, J.P., Koch, P.N., Allen, J.K. and Mistree, F., "FLAME: Function Level of 
Abstraction Manufacturing Evaluator," ASME Design for Manufacturing Symposium, 
Boston, MA, September 1995. 
4. Simpson, T.W., Bauer, M.D., Allen, J.K. and Mistree, F., "Implementation of DFA in 
Conceptual and Embodiment Design using Decision Support Problems," ASME Design 
Automation Conference, Boston, MA, September 1995. 
5. Mistree, F. and Allen, J.K., 1995, "Designing for Function and Manufacturability at a 
High Level of Abstraction," Proceedings, NSF Design and Manufacturing Grantees 
Conference, San Diego, CA, January 4-6, 1995, 1-2. 
6. F. Mistree and J.K. Allen, 1994, "Designing at the Function Level of Abstraction", 
Proceedings NSF Grantees Conference on Design and Manufacturing Systems Research, 
Cambridge, MA, January 1994, 71-72. 
7. F. Mistree, J.K. Allen and F. Attia, "Designing at the Function Level of Abstraction", 
Proceedings NSF Grantees Conference on Design and Manufacturing Systems Research, 
Charlotte, NC, January 1993. 
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8. Chen, W., Allen, J.K. and Mistree, F., "Hierarchical Selection in Gas Turbine 
Maintenance Management," Advances in Design Automation, (Gilmore, B. J., Hoeltzel, 
D., Azann, S. and Eschenauer, H., Eds.), NY, ASME, 1993. 87-96, ASME DE-Vol. 65-
1. 
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1. T. Simpson, Development of a Design Process for Realizing Open Engineering Systems; 
M.S. Thesis, Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA, 
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2. J.D. Peplinski, Design for Manufacture at the Function Level of Abstraction, M.S. Thesis, 
Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA, November 1994. 
3. P.N. Koch, Design Using Available Assets at the Functional Level of Abstraction, M.S. 
Thesis, Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA, June 
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4. A. Rothe, Decisio'n Support Problems in the Pahl!Beitz Design Process, M.S. Thesis, 
Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA, March 1994. 
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Allen. 
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7. Not required. 
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PART ll ·SUMMARY OF COMPLETED PROJECT 
How can one include manufacturing considerations when only the functions of a product 
are known? 
This question is address in the context of Decision-Based Design (DBD). DBD is the 
starting point for the creation of design methods that are based on the notion that the 
principal role of an engineer, in the design of an artifact, is to make decisions. Our 
embodiment of DBD is called the Decision Suppon Problem Technique. We first develop a 
product model that captures and handles the uncertain and incomplete product information. 
A living system analogy (model) of the artifact is created; it is based on Miller's Living 
Systems Theory. Then geometric information is attached to this model, Koch, 1994. Thus 
we operate on a model of the product that exists at the function level of abstraction and use 
this representation to introduce manufacturing considerations. Our solution scheme takes 
the form of a Heuristic Selection Decision Support Problem, and our computer tool is 
called FLAME: the Function Level of Abstraction Manufacturability Evaluator, Peplinski, 
1995. We use this tool to identify, evaluate and select potential manufacturing alternatives 
for products modeled at the function level of abstraction. Simpson, 1995, has further 
proposed a method for the introduction of assembly information in the very early stages of 
design. Rothe, 1994, proposed a method for introducing constraints from other phases of 
the product's life cycle, especially the disposal phase, to introduce disassembly/reuse 
criterion and thus identifying environmentally friendly products in the early stages of 
conceptual design. 
The NSF REU supplements for this grant have been used to support undergraduate 
students who have developed a Design Learning Simulator that facilitates design based on 
the outcome of our research. This material is being used in one undergraduate course, 
:ME3110. The material may be viewed at: http://www.srl.gatech.edu/DLS/. 
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Research and Applications, (in press). 
2. Mistree, F., Bras, B.A., Smith, W.F. and Allen, J.K., 1995, "Modeling Design 
Processes: A Conceptual, Decision-Based Approach," International Journal of 
Engineering Design and Automation, Vol. 1, No.4, 209-221. 
3. Koch, P., Peplinski, J., Allen, J. K. and Mistree, F., "Configuring Systems at the 
Function Level of Abstraction," The International Journal of Engineering Design and 
Automation, Vol. 1, No.2, pp. 73-91. 
4. Koch, P.N., Peplinski, J., Allen, J.K. and Mistree, F., 1994, "Designing Using 
Available Assets: Identifying a Feasible System Configuration", Behavioral Science, 
vol. 30, 229-250. 
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